Introduction
During the past decade, small molecules have been target of a wide range of applications in medicine and biotechnology. Therapeutic peptide research is also currently experiencing a renaissance for commercial interest [1] , among others reasons. Growth hormone secretagogues (GHSs) are active small molecules with medical and sport performance applications. GHSs constitute a complex heterogeneous family of compounds that keeps growing in number and can be roughly divided into two main groups: 1) growth hormone releasing hormone and analogs such as Sermorelin and CJC-1295, and 2) growth hormone releasing peptides (GHRPs), which show a high stimulatory activity on growth hormone (GH) release [2] .
GHRPs stimulate GH release and have been regarded as an alternative to support diagnostics and treat diseases related to GH deficiency [3, 4] . Their effects have been described in vivo and in vitro, in both animals and humans, using various doses and administration routes [5] [6] [7] [8] [9] [10] . However, only the peptide GHRP-2 (also known as pralmorelin) has been clinically tested and approved in Japan for diagnostic purposes [11] , while other GHRPs have not passed clinical trials or are still in different stages of development.
One of the interesting features of GHRPs is the fact that they can be active by several administration routes, including oral administration. Besides, their ergogenic ability has been reported, so they are becoming very appreciated as substances of abuse by cheating athletes that seek new alternatives to traditional doping [12, 13] . In fact, several of these GHRPs are available in the black market and can be obtained easily on the Internet [14, 15] . Consequently, the World Anti-Doping Agency (WADA) incorporated GHRPs in its Prohibited List of doping substances since 2013, and must be detectable by anti-doping laboratories [16] .
Anti-doping detection methods based in liquid chromatographymass spectrometry (LC-MS) have been developed in recent years using urine as main matrix [17] [18] [19] [20] [21] . These methods are focused especially on those GHSs with known structure and metabolism which could be used more frequently in sport abuse. Nonetheless, considering that these molecules belong to a pharmacological family, the development of wide scope detection methods for all GHSs known as well as unknown, could be a highly desirable resource [22] [23] [24] . Such universal detection methods could be based on a common feature, e.g., their interaction with the GHS-R1a receptor, for which the endogenous natural ligand is ghrelin, a 3-octanoylated 28 amino acid peptide [25] .
Traditionally, urine was the sample of choice for the screening and identification of unknown drugs due to high concentration of drugs in urine. Therefore, this matrix has been used or GHSs (no: or GHSs) detection in athlete samples with anti-doping purposes [21] ; although the use of another matrices, as serum, could be highly desirable. However, the GHRPs studies performed so far with serum samples have been carried out only in a few clinical trials with healthy males and children administered with GHRP-2 and GHRP-6 respectively [26, 27] . In these clinical trials a pharmacokinetic study for both GHRPs was performed for a maximum time of 12 hours. For sample analysis, a specific anti-GHRP-2 polyclonal antibody was used in a radioimmunoassay to detect GHRP-2 [26] and a LC-MS method was developed to detect GHRP-6 [27] . overnight fasting. The protocol was approved by the Clinical Research Ethical Committee from Parc de Salut Mar (CEIC-Parc de Salut Mar), Barcelona (n°2014/5760). Eight healthy caucasian male volunteers were administered with the drug and two control subjects were left untreated. The subjects were 20 to 30 years old, mean weight 72.9 ± 8.7 and body mass index (BMI): 21.5 ± 3.5. All subjects were informed in advance of the study details and signed the corresponding informed consent letter. The volunteers refrained from ingesting alcohol and any medicines and did not perform any exercise during the studies. Urine and serum samples were collected prior to administration of the drug and several times during the 24 h period after administration. All samples were stored at -20°C until analysis.
Intranasal GHRP-2 and GHRP-6: A single nasal dose of one of the peptides GHRP-2 or GHRP-6 (200 µg) was administered to four volunteers (two for GHRP-2 and two for GHRP-6) alongside with two control subjects without any administration) by the Anti-Doping Centre in Moscow. Serum samples from each volunteer were collected prior to drug administration and several times during the 24 h period after administration. Samples were stored at −20°C until analyses.
Analytical aspects
Serum: During method development, serum samples were subjected to different treatments. Additional details appear in the results section.
Thermic treatment: 150 μl of serum samples were incubated at 37°C and 50°C for 1,2 and 4 h in a thermomixer and evaluated by the competition binding assay (see above).
Incubation at different pHs: 150 μl of serum samples were treated to reach pH 7.4 or 9 and were incubated at 37°C and 50°C in a thermomixer for 1 h. After treatment samples were evaluated by the competition binding assay (see above).
Immunocapture: Antibody anti-ghrelin coated microplates (Cayman Chemicals, Ann Arbor, MI, USA) were washed 5 times with 300 μl of wash buffer (phosphate-buffered saline (PBS) and 0.05% Tween-20). 150 μl of serum samples were thawed, deposited in a well and incubated at 4°C under agitation (orbital shaker) for 1, 2, 4 h or overnight. Serum samples recovered from the wells were evaluated by the competition binding assay (see above).
According to these developments and the results obtained (see below), the final chosen methodology involved 4 hours incubation followed by a second incubation of the same serum in another well in the same conditions for 2 h. Eventually, samples were recovered again from the second well and 40 μl were evaluated in triplicate by the competitive binding assay (see above).
Urine: Urine samples were processed following the protocol established by Pinyot et al. [29] . Briefly, urine samples were thawed and centrifuged for 15 min at 3500g at 4°C. After desalting of 2.5 ml of urine by loading into a 3-ml Oasis HLB solid phase extraction (SPE) cartridge (Waters, Mildford, USA), the eluted sample obtained with methanol was dried in an N 2 -evaporator TurboVap LV (Caliper, Hopkinton, USA). The dried residue was reconstituted in 1 ml fresh prepared binding buffer, sonicated for 5 min and GHRPs were purified from the sample by receptor affinity. Purified samples were reconstituted in 150 μl of binding buffer and analysed by the competitive binding assay (see above).
Results and Discussion
There were several important reasons for our interest in the Here we present an experimental study which was built on the previous screening method described by Pinyot et al. and Ferro et al. in urine samples [22, 28, 29] to develop an alternative method that uses serum as a new matrix. The serum is a valuable matrix used for analysis of some doping substances e.g., CERA [30] , human chorionic gonadotrophin [31] , and growth hormone [32, 33] . A GHRPs screening method for anti-doping control in serum samples would be highly desirable. However, serum contains a substantial amount of the natural ligand ghrelin, which was expected to interfere with the determination of GHRPs by competitive binding to the corresponding membrane receptor (GHS-R1a) in the assay. This work assessed this potential interference and implemented steps to remove it. The removal of natural ghrelin from serum by plate immunocapture appeared as a suitable alternative. The performance of this new protocol was assessed in serum samples from pilot studies in which healthy subjects were administered intravenously with a bolus of 100 μg of GHRP-2, intranasally with 200 µg of GHRP-2, intranasally with 200 µg of GHRP-6, or as untreated controls (n=4). Clear competitive signal of radioactive ligand displaced from the GHS-R1a receptor was verified in all administration studies.
Methods and materials Chemicals
For in vitro studies, growth hormone-releasing peptide 2 (GHRP-2, pralmorelin) was kindly supplied by Dr. S. Kageyama (Tokyo Laboratory, Anti-Doping Center, Mitsubishi Chemical Medience, Japan) whereas GHRP-6 and Hexarelin were kindly supplied by Giampiero Muccioli (University of Torino, Italy). For the intravenous excretion studies, GHRP KAKEN100® (pralmorelin dihydrochloride, 100 µg/vial) was purchased from Kaken Pharmaceutical Co., Ltd. For intranasal studies, GHRP-2 and GHRP-6 were synthesized by Thermo Fisher Scientific GmbH (Ulm, Germany). Radiolabeled (125I-His9) ghrelin (no: Rdiolabeled ghrelin (a125-His9) ghrelin) was purchased from Perkin Elmer (Waltham, MA, USA). All other chemicals were of the highest grade commercially available.
Cell culture, membrane preparations and competition binding assay
Cell culture, membrane preparations and competition binding assay parameters have previously been published by Pinyot et al. [22] and Ferro et al. [28] Data were analysed and plotted with GraphPad Prism 5 (San Diego, CA, USA) or Excel software. Statistical analysis was performed using Excel and SPSS programs. To contrast independent continuous variables, Student's t-test was used. Null hypothesis was rejected for values of p ≤ 0.05.
Reference samples
Two reference samples in binding buffer were included in each competition binding experiment, one as blank or negative control (containing cells and all reagents but not spiked with GHRPs) as the maximum possible binding (100% of relative specific binding, RSB) and a second sample or positive control, spiked with 7.5 μM GHRP-2, as the minimal possible specific binding (0% RSB). All sample binding values were calculated relative to these limits.
GHRPs treatment in human subjects
Intravenous GHRP-2: An injectable solution of GHRP KAKEN100® (10 µg/mL in saline), containing 100 µg pralmorelin dihydrochloride (GHRP-2), was administered intravenously after
Immunocapture
The most successful approach to remove endogenous ghrelin content in serum samples was based on antibody capture using microplates coated with anti-ghrelin antibodies. With this goal, 150 μl of serum were incubated in the antibody-coated wells for different time periods (1, 2, 4 h and overnight) and the serum recovered was assessed by radiocompetition assay. The results showed a RSB values of 86.71 ± 0.55%, 89.03 ± 0.68%, 92.67 ± 1.29% and 88.42 ± 5.03% for 1, 2, 4 h and overnight incubation, respectively, what indicated an increase ghrelin removal as compared to the non-incubated serum samples with mean RSB value of 74.33 ± 2.05%. However, a small background binding was still detected in the samples after a single immunocapture step.
Therefore, to remove all endogenous ghrelin, serum samples from 4 volunteers were subjected to two consecutive immunocapture steps: incubating first for 4 h in anti-ghrelin antibody-coated wells, and then incubating the recovered serum for 2 additional hours in distinct antibody-coated wells. After analysis by radiocompetitive assay, all samples showed RSB values close to 100%, with mean and SD between 96.02 ± 1.42% and 111.12 ± 1.74%, indicating the removal of most of development of a novel detection method for GHRPs in serum: 1) the increased and frequent use by cheating athletes of these compounds, which can be easily purchased in the black market or via Internet, 2) the relative complexity of the method for urine (the protocol takes three days to be completed), and 3) the fact that blood samples can be used for the detection of some doping substances that cannot be detected in urine [33] .
The previously described radio competition assay methodology to detect GHRPs in urine [22, 28, 29] was modified and simplified for the detection of these compounds in serum samples. As was expected, however, the direct application of the competitive assay on "unprocessed" serum samples (without any denaturing or immunocapture pretreatment) from 10 non-treated subjects showed an interfering effect. An RSB with mean and SD of 82.97% ± 3.68, indicated the presence of background amounts of receptor binding compound(s) (presumably ghrelin) when compared with negative reference sample in binding buffer (100% RSB). Notably, serum samples from volunteers 8, 9 and 10 had RSB values of 70.98 ± 6.23, 66.74 ± 1.37 and 68.07 ± 0.93%, respectively, indicating a high interference background. As a consequence, different variables had to be studied to remove the endogenous interfering substance(s) from the serum, as mentioned below.
Temperature and pH treatment
Ghrelin (together with non-acylated ghrelin) concentrations in plasma or serum have been found around 100-200 fmol/ml and their levels are increased before meals to 300 fmol/ml [34] [35] [36] . This could cause interference in the assay with serum samples and consequently generate However, it is well known that the ghrelin protein is sensitive to specific pH and temperature conditions [37, 38] , with a partial conversion from acylated ghrelin to des-acyl ghrelin. Des-acyl ghrelin has much lower capacity to interact with the GHS-R1a receptor. To assess whether the temperature and pH have effects on the assay regarding the reduction of endogenous ghrelin concentrations, serum samples were incubated at 37°C and 50°C for several hours (1, 2 and 4 h). Results are displayed in Table 1 . It was found an increase in the RSB values in samples treated at 37°C and 50 °C after two hours of incubation. Higher effects were observed in samples incubated at 50°C for 4 hours, with 92.67 ± 1.29% RSB, as compared to 74.63 ± 1.26% RSB for the non-incubated serum. Unfortunately, samples from volunteers having a lower baseline RSB showed improvement with temperature treatment, but it was not the case in those with baseline RSB greater than 77%.
Regarding the experiments involving incubation steps at neutral and basic pHs (pH 7.4 and pH 9.0, respectively) and different temperatures (37°C and 50°C) for 1 h, the results did not show significant differences before and after incubation (Table 1) , therefore a different alternative would be needed in order to remove the endogenous ghrelin. 
Radiocompetition assay with different GHRPs
The assessment of the urine protocol with several different GHSs showed high robustness and sensitivity [22] . To optimize the radiocompetition assay to detect GHRPs in serum (ghrelin-depleted by immunocapture), the method was applied to serum samples spiked with different concentrations of three different GHRPs (GHRP-2, GHRP-6 and Hexarelin). The respective competition binding curves (Figure 1) showed serum Ki values similar to those obtained by Pinyot et al. for these GHRPs in urine samples [22] . These results confirmed that the newly implemented ghrelin immunocapture step in serum samples led to the development of a successful method for this matrix.
Detectability in serum and urine samples after GHRP-2 intravenous administration
The few alternative methods previously described to detect GHSs in serum samples are rather specific for one or few GHRPs based on radioimmunoassay [26] or LC-MS methods [27] . However, the new radiocompetition assay presented in this study could be the first method which can detect any known or unknown GHRP in this matrix. In order to verify the effectiveness and the detection time window of our protocol in serum samples, a pilot study in healthy male volunteers treated with GHRP-2 was performed. Serum and urine samples from a group of healthy male volunteers dosed intravenously with 100 μg of pralmorelin dihydrochloride (GHRP-2) were collected at different time points (0, 0.5, 1, 1.5, 2, 3, 4 and 8 h for serum and 0, 1, 2, 4, 6, 12, and 24 h for urine) post-administration. Samples from eight treated subjects and two untreated controls were assessed by the radiocompetition assay.
The results, presented in Figure 2 -left, showed that all serum and urine samples collected immediately (and up to 2 h for serum and 6 h for urine) after the intravenous GHS injection displaced (125I-His9) ghrelin from the GHS-R1a receptor to a large extent. The basal state was subsequently recovered and remained unaltered until at least 24 h post-administration. The detection time window appeared shorter in the serum as the drugs can be detected for 2 hours after administration versus 6 hours in urine samples [29] , although these data are similar to that obtained previously from GHRP-2 and GHRP-6 in serum samples with other methods [26, 27] .
GHRP-2 and GHRP-6 detection in serum samples after intranasal administration
Serum samples from healthy volunteers administrated with an intranasal dose of GHRP-2 or GHRP-6 were collected at different time points (0, 0.5, 1, 2, 4, 8 and 24 h for serum) post-administration. Samples from four treated subjects (two for GHRP-2 and two for GHRP-6) and two controls were assessed by the radiocompetition assay. The results, presented in Figure 2 -right, showed that all GHRP-2 and GHRP-6 serum samples collected immediately and up to 8 h after intranasal administration, displaced (125I-His9) ghrelin from the GHS-R1a receptor to a large extent. The basal state was subsequently recovered and remained unaltered until at least 24 h post-administration.
The detection time window for GHRP-2 appeared shorter in serum as the drug can be detected for 8 h after administration in serum versus 18 h in urine samples [39] . For GHRP-6, the detection windows obtained here in serum and previously in urine [39] samples were very similar, so it also would be very interesting to study other GHRPs
Conclusion
A new wide-group screening method to detect GHRPs in serum samples has been developed and tested in human samples after administration of various GHRPs through different administration routes. This method showed a similar sensitivity and detection time window in serum in comparison with other protocols specified for a unique GHRP after intravenously administration. The detection window after intranasal administration of some GHRPs might be even similar regardless of the matrix used for the analysis (i.e., urine or serum). The approach described here has the additional advantages of being completed in a short time (only one day versus three days in the case of urine), easy to perform (needing only an initial immunocapture step with anti-ghrelin antibody to remove endogenous ghrelin) and requires a small volume of sample (40 µl), which is easy to obtain from any venipuncture protocol.
